Background Acute exacerbation (AE) of idiopathic interstitial pneumonia (IIP) is occasionally observed after lung surgery. However, the risk of lung surgery in patients with IIPs is not yet clearly known.
Introduction
Acute exacerbation (AE) of idiopathic interstitial pneumonias (IIPs) occasionally occurs after lung surgery. However, the risk of lung surgery in these patients is not yet clearly known. Since idiopathic pulmonary fibrosis (IPF) is often associated with lung cancer, the indications for surgery need to be assessed by giving careful consideration to the pulmonary function and the risk of acute AE after the sur-cent (7, 17, 18) . The prognosis of AE of IPF/UIP during the postoperative period is extremely poor, and the mortality is reported to be nearly 70-100 percent (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) ; therefore, extreme care is required before surgery is performed in IIP patients.
Recently, we have encountered several patients with IIP who developed AE following surgical procedures. We conducted a retrospective review of the incidence, clinical features, surgical data, anesthesiological data, histological diagnosis, HRCT images, therapy, and prognosis of these patients.
Methods
Of the 68 consecutive patients (56 males, 12 females) who underwent lobectomy and surgical lung biopsy at Toranomon Hospital between April 2000 and March 2006, three patients presented with AE of interstitial pneumonia following lung surgery. A retrospective investigation was undertaken of the case histories, anesthesiological records, surgical records, CT images, corticosteroid (CS) use, and histological findings. The histological specimens were reviewed by two pathologists according to the diagnostic criteria for IIP (1, 7) . Surgical records were reviewed to determine the purpose of the operation, the operation method, and the operation time. Anesthesiological records were reviewed to determine the tidal volume, PaO2 and oxygen concentration (FiO2 1.0 and/or FiO2 above 0.6) during mechanical ventilation and the duration of mechanical ventilation. AE of IPF is defined by the following clinical characteristics: under the previous or concurrent diagnosis of IPF, 1) unexplained worsening of development or dyspnea within 30 days. 2) High-resolution computed tomography with new bilateral ground-glass abnormality and/or consolidation superimposed on background reticular or honeycomb pattern consistent with UIP pattern. 3) No evidence of pulmonary infection by endotracheal aspirate or bronchoalveolar lavage. 4) Exclusion of alternative causes, including the following: left heart heart failure, pulmonary embolism and identifiable cause of acute lung injury (8) (9) (10) .
Pulmonary function tests
The lung volumes and forced expiratory volume in one second (FEV1.0) were measured by standard methods by using Chestac 55V (Chest Co., Ltd., Tokyo, Japan), and expressed as a percent of the predicted value. These measurements were conducted prior to the surgery (within one month), but could not be repeated at or after the AE due to the deteriorated general condition.
Arterial blood gas analysis was conducted using ABL510 (Radiometer Co., Ltd., Copenhagen, Denmark) before (within one week), during, and after the operation in all cases.
Chest CT
Chest HRCT was performed before (within one week) and after the operation using the High-Speed Advantage scanner (GE Medical Systems, Milwaukee, WI, USA). After the development of the AE, routine scanning of the entire lung was carried out in 10-mm-thick sections. Additional thin-section CT to obtain images of 1.0 mm thickness was performed in all patients for analysis of the parenchymal abnormalities. The thin-section CT images were reconstructed with a high spatial-frequency algorithm and printed with a fixed window setting (lung center, -500 HU and width, 1,800 HU). The CT scans were reviewed independently by one thoracic radiologist and two pulmonologists who were blinded to the identity of the patients as well as to their clinical, physiologic and pathologic parameters.
Statistical analysis
All values were expressed as a mean ± standard deviation, and differences between subject groups were analyzed using the Mann-Whitney nonparametric U-test for two independent samples. All p values corresponded to two-sided tests and were considered to be statistically significant when less than 0.05. All analyses were performed with the SPSS statistical software (version 13; SPSS, Inc., Chicago, IL).
This retrospective study was conducted with the approval of the Institutional Review Board, Toranomon Hospital. The patients had undergone the treatment after providing informed consent, and their medical records were reviewed with the approval of the Institutional Review Board.
Results
The types of surgery undertaken in our study participants were lobectomy for lung cancer (48 cases) and biopsy for the diagnosis of interstitial pneumonia (20 cases). Among the 48 patients who underwent lobectomy (7 were partial resections) for lung cancer, the subclassification of the underlying IIP was IPF/UIP in 31 patients (45%) and non-IPF in 17 patients (25%). Among the 20 patients who underwent biopsy for the diagnosis of interstitial pneumonia, the subclassification of the underlying IIP was IPF/UIP in 8 patients (12%) and non-IPF [non-specific interstitial pneumonia (NSIP) 8, unclassified 4] in 12 patients (18%). Patients who underwent lobectomy for lung cancer were significantly older than those who underwent biopsy, although there was no significant difference in age between the IPF and non-IPF patients. The female to male ratio was greatest in the non-IPF biopsy group. There were no significant differences in the PaO2 or serum LDH before the surgery between the patients who underwent lobectomy and biopsy, or between the IPF and non-IPF patients. The serum KL-6 level, an indicator of the activity of interstitial lung disease (9, 10), was higher in the patients who underwent biopsy than in those who underwent lobectomy, although there was no significant difference in the level between IPF and non-IPF patients ( Table 1) .
The vital capacity before the surgical procedure in the lobectomy and biopsy groups were 3.8±1.06 L and 2.14± Definition of abbreviations: TV = tidal volume, MV = mechanical ventilation, IPF = idiopathic pulmonary fibrosis 0.62 L in the patients with IPF, 2.8±1.22 L and 2.49±0.9 L in the non-IPF patients, respectively. The vital capacity was higher in the lobectomy group than in the biopsy group, although there was no significant difference between the IPF and non-IPF patients ( Table 1) . Most of the patients were anesthetized with nitrous oxide, oxygen and sevoflurane. A few patients were anesthetized with isoflurane or propofol instead of sevoflurane. In the 39 IPF patients, the operation times for lobectomy, partial resection and biopsy were 315±179 min, 112±82 min, and 110±60 min, respectively. In the 29 non-IPF patients, the operation times for lobectomy and biopsy were 236±119 min and 145±95 min, respectively. The operation time for lobectomy was longer than that for biopsy, although there was no significant difference between the IPF and non-IPF patients. The anesthesia times were 415±200 min for lobectomy, 222±92 min for partial resection, and 160±50 min for biopsy in the IPF/UIP patients, and 337±142 min for lobectomy, and 215±105 min for biopsy in the non-IPF patients, respectively. The anesthesia time for lobectomy was longer than that for biopsy, although there was no significant difference between the IPF and non-IPF patients.
All patients received volume-controlled ventilation. The tidal volumes for mechanical double-lung ventilation among the IPF patients were 450±150 mL in the lobectomy group, 450±65 mL in the partial resection group, and 440±190 mL in the biopsy group, respectively. The corresponding volumes among the non-IPF patients were 445±155 mL in the lobectomy group and 440±60 mL in the biopsy group. The tidal volume was set at 7-8 mL/kg in all the groups. On the other hand, the tidal volumes for single-lung ventilation among the IPF patients were 400±250 mL in the lobectomy group, 250±130 mL in the partial resection group, and 290± 90 mL in the biopsy group. The corresponding values among the non-IPF patients were 340±140 mL in the lobectomy group, 335±85 mL in the biopsy group, respectively. The tidal volume was set at 4-6 mL/kg in all the groups. There were no significant differences between the IPF and non-IPF patients. None of the patients received CS before or during the operation. The PaO2 values among the IPF patients were 167±86 Torr in the lobectomy group, 155±79 Torr in the partial resection group, and 167±62 Torr in the biopsy group, respectively. PaO2 levels among the non-IPF patients were 149±68 Torr in the lobectomy group and 147± 84 Torr in the biopsy group, respectively. There were no significant differences in the PaO2 or the distribution of the type of operation between the IPF and non-IPF patients (Table 2). There were no significant differences between the IPF patients who did and did not develop AE in terms of the method or medications used for anesthesia, the PaO2 during the operation, or the pulmonary function test results before the operation.
Three individuals out of 68 patients developed postoperative exacerbation and the incidence was 4.4%. Table 3 shows the clinical data of the 3 patients who developed AE of IPF. None of these patients had shown any exacerbations of IP before the operation. We diagnosed these 3 patients as having IPF/UIP based on the radiological and pathological findings (1, 8) . Postoperative exacerbation occurred in 3 of the 39 (7.6%) patients with IPF/UIP. In contrast, none of the non-IPF patients developed AE. Two patients developed exacerbation of the IPF after lobectomy for lung cancer; they had received high concentrations of supplemental oxygen (FiO2>60%) during mechanical ventilation over a prolonged period of time as compared to those who did not develop AE. These patients had also received fairly larger tidal volumes (560 and 450 mL during single-lung ventilation). In the lobectomy cases, the resected lung specimens revealed few fibroblastic foci in the UIP lesion. On the other hand, in the patient developed AE after biopsy, the biopsy specimens revealed many fibroblastic foci in the UIP lesion. This patient developed AE after the surgery, despite the relatively low concentration of supplemental oxygen and low tidal volume during mechanical ventilation. The patient had been on prolonged mechanical ventilation for a longer time compared to the time period which is usual for surgical lung biopsy. It is difficult to determine the definite cause of AE and to reveal statistical differences because the number of cases with AE was very small. However, through our meticulous analysis of the clinical and perioperative data of these three cases who developed AE, the possible precipitating factors of postoperative AE of IP has emerged. AE of interstitial pneumonia observed in the three patients occurred 4-27 days after the lung surgery (Table 4) . At the time of development of the AE, the extent of parenchymal involvement on the HRCT images was greater on the non-operated side than on the operated side ( Fig. 1-3 ). CS pulse therapy followed by maintenance CS administration (0.5-1.0 mg/kg) was undertaken for all the patients developing AE of IP. However, all died of respiratory failure from 12 to 82 days after the onset of AE. Postmortem examination was undertaken in one 
Discussion
The major causes of AE in patients with IIP are respiratory infections, reduction of steroid dose, and thoracotomy (2-8). It has also been reported that the stress of op- (2) . In cases of lung cancer associated with IPF/UIP, the frequency of AE of the IP after surgery has been reported to be fairly high ranging from 12.5% to 33.3% (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . In contrast, the risk of AE of IP following surgical lung biopsy has been reported to be in the range of 0-16.7% despite the less surgical invasiveness of biopsy (7, 17, 18) . Because surgery is composed of many factors such as anesthesia, surgical stress, and the use of various medications, identification of the true cause of the exacerbation in IPF/UIP patients is difficult. The possible contributory factors to AE after surgery in patients with IP include: 1) a high activity of the disease prior to the surgery, 2) oxygen supplementation at a high concentration during surgery, 3) surgical stress including mechanical-ventilationrelated lung injury, 4) complicating respiratory infections, 5) postoperative reduction of steroid dose, and 6) medications (anesthesia, anticancer drugs, and so on).
High concentrations of inspired oxygen associated with single-lung ventilation or ischemic/reperfusion injury are thought to cause acute lung injury (24-26). Enomoto and colleagues (5) reported that the exacerbation of IPF/UIP occurred after thoracoscopic surgery more frequently in individuals with conditions in which the peripheral white blood cell count and KL-6 were high, the partial pressure of oxygen in the arterial blood and vital capacity of the lungs were low, the duration of ventilation with 100% oxygen during surgery was prolonged, or, pathologically, a high cellularity with a significant number of fibroblastic foci in the resected lungs existed. In the present study, the resected specimens in the lobectomized lung cancer cases contained few fibroblastic foci in the UIP tissue. Together with clinical laboratory data such as the low KL-6 level, the activity of IPF/UIP in these cases has been judged to be low, with the disease remaining in the chronic and stable phase. However, the administration of supplemental oxygen at high concentrations and surgical stress might have triggered the exacerbation of IP. The AE evidently started from the non-operated lung that was exposed to a high concentration of supplemental oxygen because of the single-lung ventilation during the surgery. The fairly large tidal volume during the single-lung ventilation may also have contributed to developing AE. Therefore, the administration of supplemental oxygen at a high-concentration and mechanical-ventilation-related lung injury were likely the major causes of the AE in the present lobectomy cases. On the other hand, in our biopsy case, the biopsy specimen contained many fibroblastic foci. Together with clinical laboratory data such as the KL-6 level, the activity of IPF/UIP in the biopsy case was judged to be high. In addition, the patient was also maintained on prolonged mechanical ventilation. Thus, mechanical-ventilation-related lung injury might have caused the AE of IPF together with the high activity level of IP in our biopsy case despite the concentration of supplemental oxygen being kept low and the tidal volume during mechanical ventilation being very small.
Lung injury caused by intraoperative oxygen supplementation at a high concentration has been reported previously. In 1970, Singer and colleagues (24) reported that after openheart surgery, very severe lung injury was observed in patients who had received 100% oxygen for longer periods of time. A high concentration of supplemental oxygen leads to the production of endogenous oxygen radicals from cells such as inflammatory cells, and the oxygen radicals could inactivate various enzymes within the alveolar epithelial and capillary endothelial cells to damage not only the cellular membranes, but also of the genes within the nuclei (24) . The production of various cytokines by activated neutrophils and alveolar macrophages is thought to be related to the pathogenesis of the lung injury (24, 25) . Ekimoto and colleagues (26) administered oxygen to model mice with pepleomycin-induced interstitial pneumonia and reported that mice which received higher concentrations of supplemental oxygen exhibited more severe pulmonary fibrosis, clearly demonstrating the pulmonary toxicity of high concentrations of supplemental oxygen.
In contrast to the recent report of AE of IIP after surgical lung biopsy by Kondoh et al (17) , rather few cases of AE of IPF/UIP after surgery for the associated lung cancer have been reported to date (6, 14, 15) the present study was carried out on 48 cases of lung cancer who underwent either lobectomy or partial resection, and 20 cases of IIP alone who received surgical lung biopsy. In fact, the clinical settings for the two groups were very different. Surgical resection is the first choice for treating early stage lung cancer. If lung cancer is associated with IIP, especially IPF, it would be a very difficult question as to how to treat the cancer because of the high risk of developing AE during radiation or chemotherapy. Therefore, surgery is the first and only choice for the individuals with early stage lung cancer associated with IP.
Tanimura and colleagues (14) indicated that intraoperative oxygen supplementation at a high concentration could cause AE of IP, and suggested that during perioperative management, the PaO2 should be maintained at less than 100 mmHg (Torr) compared to the usual PaO2 range [between 100 and 300 mmHg (Torr)] during the course of ordinary anesthesia. As in the present study, many IPF/UIP patients have impaired pulmonary function and require high concentrations of supplemental oxygen during single-lung ventilation. In this context, in the actual clinical setting, it is difficult to maintain the PaO2 at an adequate level with an FiO2 below the threshold that is harmful to the lung tissue. Bando et al described that AE of IPF after VATS developed in the cases in which inhalation 100% O2 was 80 min or longer (27) .
Second, hyperventilation and high airway pressure have been reported as major causes of increased risk of lung injury. Evans et al (28) described that intraoperative tidal volume could be a risk factor for respiratory failure after pneumonectomy for patients with normal lung function, showing that 15 individuals (9%) developed acute lung injury after pneumonectomy with larger tidal volume during the lung operation. Lung injury caused by mechanical ventilation can be prevented by maintaining the maximum inspiratory pressure below 35 mm H2O by setting the tidal volume at 7-10 mL/kg; this method has been applied effectively in the management of acute respiratory distress syndrome (28) (29) (30) (31) . In IPF/UIP, the pathological changes in the lungs are not uniform; because most of the tidal volume is distributed to the nearly normal lung tissue, conditions such as alveolar rupture, shear stress caused by hyperinflation, depletion of surfactant, production of inflammatory cytokines such as tumor necrosis factor, and destruction of the alveolar and capillary structure may possibly be involved in the development of lung damage (29) (30) (31) . In the lobectomy cases of lung cancer with IPF in the present study, the fairly large tidal volume during the single-lung ventilation may have, in large part, caused the exacerbation.
In this context, we have carefully reviewed the surgical and anesthesiological records of each patient to clarify the tidal volume, PaO2 and oxygen concentration during mechanical ventilation and the duration of ventilation itself, and have analyzed the differences in these backgrounds between exacerbated and non-exacerbated cases. In the previous reports, some investigators described the incidence of AE after surgical lung biopsy (17, 18) . However, they did not describe the conditions between exacerbated and nonexacerbated patients. It is of great importance to specify the differences in these two groups in order to avoid development of postoperative AE and eventual surgical death in the patients with IIP. Thus far, this is the first report that has demonstrated the relationship between AE of IP and the issues of respiratory management during operation.
The prognosis of IPF/UIP patients developing AE after surgery is extremely poor, and, as seen in our present study, the response to steroid pulse therapy and/or immunosuppressant therapy is quite limited, with the condition often resulting in death. Some studies conducted by anesthesiologists have indicated that prophylactic administration of steroids before and after surgery may prevent AE of IPF/UIP (13) . However, subsequent dose reduction of the steroids would possibly result in AE of the IPF/UIP, and therefore, a prophylactic use of steroids is considered to be contraindi-cated (2) . Thus, when surgery is considered in patients with IPF, in addition to a thorough evaluation of the IPF/UIP activity and respiratory function, appropriate general anesthesia and respiratory management, and close collaboration among pulmonologists, thoracic surgeons, and anesthesiologists are extremely important. In addition, it should be very critical to avoid surgical lung biopsy as much as possible for the individuals who could be clinically diagnosed as having IPF by other examinations such as high resolution CT scan.
Conclusion
In patients with IPF/UIP, it is important to be aware of the risk of the development of AE following lung surgery, because the prognosis after AE in these patients is very poor. Intraoperative respiratory management including a high concentration of supplemental oxygen and mechanical ventilation are likely to be precipitating factors. Therefore, the indication of lung surgery should be carefully evaluated in IPF patients, especially for those who have associated lung cancer, and if the operation is unavoidable, lungprotected mechanical ventilation under appropriate anesthesia are definitely required.
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